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32 Chapter3.VoiceTra cin802.11Networks: VoIPiggy Mechanism
Table3.2: Maximumnumberofconversationssupportedinavoice-onlyscenario.
Voice MCS nvexperimental nvmodel
codec (Mb/s) EDCA VoIPiggy Gain VoIPiggy Gain
G.711
2 5 9 80% 9 80%
5.5 10 18 80% 18 80%
11 12 26 116% 26 116%
6 19 29 53% 29 53%
9 24 30 - 49 71%
12 26 30 - 52 100%
54 30 30 - 125 -
G.726
2 8 14 75% 14 75%
5.5 10 26 160% 26 160%
11 12 30 - 33 175%
6 23 30 - 49 113%
9 26 30 - 66 153%
12 30 30 - 79 -































40 Chapter3.VoiceTra cin802.11Networks: VoIPiggy Mechanism
Table3.3:Performanceofthealgorithmtocompute
Voicecodec %piggybacked Ti(ms) vi(ms)avg.
G.711 99.22 0.90% 19.8 0.58
G.729a 99.12 0.73% 39.4 1.10
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Scheme Complexity Reliability Overhead Costperservice Scalability Targetscenario
Legacy Low Low Medium Medium High Legacystations,good WLANconditions
URR Medium Mediuma Lowa Low High Largenumberofreceivers,relativelygood WLANconditions
DMS Medium High High High Low Good WLANconditions,smalnumberofreceivers
BA-IM High High Mediumb Low Medium Moderatenumberofreceivers,average WLANconditions


































































































Scheme Node NewlinesofcodeKernel Firmware Subtotal Total
DMS TX 149 0 149 149RX 0 0 0
UR TX 50 16 66 104RX 21 17 38






































































































































the ushandfetchoperations. Tothisaim,wewroteanad-hoc rmwarethatbasi-
calyswitchesbetweentwostates:awaitingstate,inwhichitdoesnothingwhilethe
applicationinuser-space lstheDMAqueue,andaushingstate,inwhichitrecordsa
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AppendixA
LimitationsofFlexibilityin
Current802.11Architecturesand
NewDirections
InChapter5wehavedemonstratedthelackofexibilityinthewaythatNICmodulesinteract
resultinginabottleneckthatseverelydegradesperformance.Here,weprovidenewdirectionsfor
therevisionofthecurrenthardwarearchitectureandproposeanewvisionforthefuturedesign
ofwirelesschipsets.
A.1 Hardwaresupportandlimitations
Theseminalworkof[67]wasamongthe rsttounderlinehowcommercialNICscouldbe
turnedintoexibleresearchplatforms,byreplacingthestockrmwarewithadierentoneoering
customtransmission/receptionpaths. However,evenifthisworkrevealedthe exibilityofthe
PRISM11bchipsetattheMAClayerwithitsMACCPU,itdidnotdisclosehowtomodifythe
rmware,whichremainedclosed-source.Sincethen,andwiththeendofthePRISMproject,1
manyworksselectedAtheros-basedNICsasthenextresearchplatformofchoice,thankstothe
activecolaborationofthemanufacturer,excelentopen-sourcedrivers(e.g.: Mad-Wi)andalot
ofdocumentation. Apartfromworkstargetingspecicfeatures,[68]and[69]providedsoftware
frameworksfortheeasycustomizationofsomefunctionalitiesoftheAtherosAR5212chipset,such
asdisablingpacketacknowledgment,fastchannelswitchingandmodifyingthenumberofretries
forfailedframes.
Noneoftheabovesupportedad-hocframeexchangeswiththerequiredtiming,e.g.,receivinga
frameandforgingthecorrespondingreplywithinafewmicroseconds.Becauseofthis,anumberof
projectsdesigned802.11-compliantimplementationsfromscratch,manyofthembuildingaround
anFPGA:e.g.,SMiLE[70],usedtotestnovellocalizationschemes;orSora[71]and WARP[72],
theformerbeingaverypowerfulSoftwareDenedRadio(SDR)devicethatconnectstothe
computerthathandlesframe-symboltransformationthroughamini-PCIinterface,andthelatter
1ThemaintenanceofthePRISMprojectendedupin2007.
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queueintheNICinternalmemory. WhentheBCofaqueuereacheszero,theMACCPUsched-
ulesthetransmissionoftheHead-of-Lineframeandwhentheframeisacknowledgedorexceeds
themaximumretransmissionattempts,the MACCPUreportsaframedonetothekernelvia
aninterruptionrequest(IRQ).Then,thecorrespondingDMAmicro-controler(DMA C)starts
fetchingthenextframe,andthekernelreclaimstheDMAslotintheringforthenewframesthat
mayarrivefromupperlayers.
TwoarethemainbenetsofthisDMA-basedapproach:(i)therearealwaysframesavailable
totheNIC,unlikethePIOcase;and(ii)themainhostCPUisrelievedwhiletheNICtransmits
frames.BoththehostCPUandtheNICCPUfocusontheirveryspecictasksandframescan
betransmittedatthemaximumthroughputalowedbythestandardtimings.
Innuce,thisschemeemulatesasimpleFIFOqueueforpushingframestotheNIC,and
thereforeitresultsadequateaslongasthereisastrictorderinhandlingtheframes:whenthe
Head-of-Line(HOL)frameisservedtheNICmayaccessanewone.3However,forthecaseofBlock
Acknowledgmenttheoperationisslightlydi erent:notaltheframesinaburstoranA-MPDU
needtoberetransmitted,astheymightexperiencedierentchannelconditions. Unfortunately,
oncetheburstishandled,noneoftheframesareavailableattheNICforretransmission,thereby
thiscalsforthecolaborationofthehostkernel.AfterprocessingtheBAREP,thekernelre-sends
totheNICtherequestedframes,possiblyinterleavedwithnewones.4However,for802.11aathis
wilslowdownthevideostreamingrateor mixoldframes,likelytohaveexpired,withnew
ones. Wedescribeinthefolowinghowweovercomethisissueinour802.11aaimplementation,
underlininghowthisversionofBA(incontrasttothe802.11n)ishardtodeploywiththecurrent
DMA-basedoperation.
A.3 EvolvedArchitecturefor802.11platforms
BasedonourexperiencereportedinSection5.2.3.1,wearguethatapartfromimproving
themechanismsfortransferringdatabetweentheNICandthehostsystem,thedevelopment
offuturewirelessNICsshouldbe(evenmore)inspiredbycurrentcomputerarchitectures.In
thisapproach,softwaredeveloperswritebothuserprogramsandtheOS,whichinterfacesto
thehardwarethroughasetofspecicdriversreleasedbymanufacturers. ThismapsintoNIC
internalstoanarchitecturewhereMACalgorithmsaredevelopedbyprotocolimplementersusing
APIscreatedbymanufacturersforaccessingtheNIChardware. Wenextdescribeindetailour
technicalvisionanditsadvantages.
A.3.1 Technicaldescription
WepresentinFigureA.2theevolvedNICarchitecture,therebywebuildonFigureA.1,and
focusagainonthetransmissionpath.First,weintroduceaRealTimeOSexecutedbytheNIC
CPUthatisolatestheMACthreadsfromthemechanismsthatexchangedatawiththehost,and
fromthelowleveltransmissionprimitivesimplementedbyproprietaryPHYdrivers.
Attheradio,westildiscardtheSDRapproachevenifultimatechoicefortargetingPHY
3Forthecaseofthe multiplequeuessupportedinEDCA,itcanbeextendedwith multipleDMA
controlers,eachprogrammedtopresentdierentmemoryblockstotheNIC.
4Notethatthisoperationholdsforcurrent802.11nchipsets,e.g.,Broadcom43224and43225ones.
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left).AsecondsolutionistoenablecompletememorysharingbetweenhostandMACCPU,as
ininexpensivevideochipsets,bymeansofadatastructure(doublelinkedlist). Therstlist,
populatedbythehostwithnewframes,isdrainedbytheMACCPUthatmovesreleasedframes
intothesecondlist,andthehostCPUwilrecycletheseframes(FigureA.2right).Thisoption
requiressimplermechanismsatbothhostandNICCPUsforatomicreadandassignment,which
arealreadypresentoninexpensiveARMarchitectures.Thesetwosolutionspermitmanufacturers
tokeeplowNICmemoryandcosts. Athirdsolution,notreportedinthe gureforsimplicity,
consistsofincreasingtheinternalmemory,sothattheDMAsystemisonlyusedforcopying
framesforlaterinternalusebytheNIC.
A.3.2 Advantages
Similarlytowhathappenedinthecomputerworld,abandoningthemonolithicapproachin
favorofourmorestructuredproposal,whichintegratestheoperationofcomponentsprovided
bydierentplayers,wouldleadtoanumberofadvantages.First,hardwaremanufacturerscan
focusonwhatrealydierentiatesNICs,i.e.:theenhancementofkeyradiocomponents,suchas,
thefront-endtorecovertheclockanddecodesignalsinnoisyenvironments;thedesignofenergy-
ecienttechniques,andtheintroductionofnewmechanismsforde/encodingspatialymultiplexed
signalstreams.Second,protocolimplementersshalnothavetodealwithhardwarespecicdetails,
hiddenbyprimitivesfortransmittingandreceivingframes,schedulingtimersorconguringPHY
specicparameters.Instead,theycouldfocusontheactualprotocolimplementation,thatwould
benetfromcontinuoussoftwareupgradeslinedupwiththelatestversionofastandard.Third,
developersoftheRealtimeOSspecializeinimprovingalgorithmsforthealocationoftheNIC
internalresourcestoeitherMACprogramsordriverthreads;oronenhancingdatacommunication
mechanismswiththehostbytuningthemanagementofthesharedmemory.Fourth,developers
oftheHostOSdonothavetoimplementdierentdrivers,astheywouldsolelyinterfacewith
agenericdevice,leadingtoeasierportingoftheNICitselfto manyOS.Finaly,consumers
wilbenetfromabetternetworkexperience,withresource-ecientdevicesthatareconstantly
updatedwithnewOSandprotocolreleases.
A.4 Summary
InthisAppendix,wehaveilustratedthatexisting802.11interfacesarebasedongeneric
hardwarearchitectures,whichare exibleenoughtoimplementnewmechanismsintroducedby
recentstandards,butpresentcertainbottlenecksthatprecludeanecientoperation.Buildingon
ourexperiencesfromimplementingthe802.11aaGATSmechanisms,wehaveproposedanevolved
hardwarearchitecturefortheseinterfaces,inspiredbytheevolutionofcomputerarchitectures,
whichwouldsupporttimelyupdatesoftheplatformswhileprovidingtheadequatemotivations
foralinvolvedplayers.
